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USE OF A DRUG CAPABLE OF MODULATING THE REGULATION OF UPC-2 
AND METHOD FOR SCREENING FOR POTENTIAL DRUGS AGAINST OBESITY. 

5 

Introduction 

The present invention relates to method for treatment of obesity, metabolic syndrome 
and/or non-insulin dependent diabetes mellitus by administering a drug capable of 
10 modulating the regulation of UCP-2 and the use of a drug capable of modulating the 
regulation of UCP-2 for the production of drug for treatment of obesity, metabolic 
syndrome and/or non-insulin dependent diabetes mellitus. 

It also relates to method for screening for potential drugs against obesity, metabolic 
syndrome and/or non-insulin dependent diabetes mellitus comprising the measurement of 
15 UCP-2 activity by biochemical, chemical or physical methods. 

Background. 

Obesity is a disease with strongly increasing prevalence, and has reached epidemic 
proportions in the industrialized world. This disease is essentially characterized by an 
20 unbalance between energy intake and expenditure, which, without interference, leads to 
an ever increase in adipose tissue mass and body weight. 

Appetite and energy intake is influenced by several hormonal effectors and 
neurotransmitters acting in the peripheral as well as the central nervous system. Examples 
25 of neurotransmitters acting to increase appetite and concomitantly body weight, are 

neuropeptide Y, melanin concentrating hormone, and galanin, as well as glucocorticoid 
hormones. Examples of hormones or neurotransmitters that counteract feeding and 
stimulate reduction in adipose mass are melanocortin, corticotropin releasing factor, as 
well as the recently described peptide hormone leptin. 
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Brown adipose tissue (BAT) is a well characterized tissue which is well developed in 
newborn mammals, including man. One important task of BAT is to generate heat and 
maintain body temperature homeostasis in newboms, as well as in small animals, e.g. 
5 rodents. 

The uncoupling protein, UCP-1, occurs in mitochondria, and seems to be the most 
important protein for generating heat in BAT. It does so by burning calories using a 
pathway that allows dissipation of the proton electrochemical gradient across the inner 

10 mitochondrial membrane in BAT during fuel oxidation. The fuel oxidation process is 
uncoupled for oxidative phosphorylation of ADP to ATP, thus generating heat which is 
distributed from BAT to the rest of the body via the circulation. The physiological 
external stimulus for uncoupling activity in BAT is cold temperature. This will increase 
the sympathetic nervous system activity and release of catecholamines leading to 

15 stimulation of betaS adrenoreceptors present on the surface of brown adipocytes. 

Recently, a new protein denoted UCP-2 has been discovered, which is expressed not only 
in BAT, but also in white adipose tissue (WAT), skeletal muscle, lung, heart, placenta, 
etc. (Fleury C, et al. (1997) "Uncoupling protein-2: a novel gene linked to obesity and 
20 hyperinsulinemia" Nat Genet 15(3), 269-272; Gimeno, RE., et al., (1997) "Cloning and 
characterization of an uncoupling protein homolog: a potential molecular mediator of 
human thermogenesis" Diabetes 46(5), 900-906). The UCP-2 protein has a 59% identity 
to UCP-1, and is upregulated in WAT in mice in response to feeding. This is in contrast 
to UCP-1, which is physiologically upregulated by cold in mice. 

25 

WO 961603 1, The Upjohn Company, discloses aminoguanidine carboxylates, e.g. [1- 
{hydrazinoiminomethyl)hydrazino]acetic acid for the treatment of non-insulin dependent 
diabetes mellitus. The novel and claimed compounds reduce the abnormally elevated 
blood glucose level and have an increased glucose tolerance. 
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The invention 

We have now found that a drug-induced upregulalion of UCP-2 mRNA is possible. 
Furthermore, we have found that, as a consequence of this, the level of UCP-2 protein 
increases and mitochondrial activity and heat flow increase. This serves as a foundation 
of the invention related to the drug-induced increase of metabolic efficiency, increase in 
energy expenditure, and increase thcrmogenesis by genetic or transcriptional upregulation 
of UCP-2 in adipose tissue. Drugs that increase energy expenditure are useful in the 
treatment of obesity, non-insulin dependent diabetes, as well as the metabolic syndrome. 
Obesity can be caused by different reasons such as non-insulin dependent obesity, 
increase in triglycerides, increase in carbohydrate bound energy and low energy 
expenditure. 

An increase in energy expenditure includes the elevated utilization of botli circulating and 
intracellular glucose and triglycerides, free or stored as glycogen or lipids as fuel for 
energy and/or heat production. 

Our invention relates to a method for treatment of obesity, metabolic syndrome and/or 
non-insulin dependent diabetes mellitus by administering a drug capable of modulating 
the regulation of UCP-2 mRNA, thus an increase of metabolic efficiency, increase in 
energy expenditure, and increase thermogenesis by genetic or transcriptional upregulation 
of UCP-2 in adipose tissue. It also relates to the use of a drug capable of modulating the 
regulation of UCP-2 mRNA for the production of drug for treatment of obesity, metabolic 
syndrome and/or non-insulin dependent diabetes mellitus and pharmaceutical 
composition comprising a pharmaceutically effective amount of such a drug. 
The invention is also related to methods for screening for potential drugs against obesity, 
metabolic syndrome and/or non-insulin dependent diabetes mellitus as defined in the 
claims and other aspects, also defined in the claims. 

The measurement of UCP-2 activity as upregulation of UCP-2 transcription /mRNA can 
be done by biochemical, chemical or physical methods, all well known for persons skilled 
in the art. 
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Screening with pharmacological or biochemical methods can e.g. be performed on mice 
by the use of candidate drugs or on cell-lines such as 3T3-L1 or 3T3-F442A, that 
optionally can be differentiated to adipocyte like cells. 

Tlie gene for UCP-2 and a reporter-gene (e.g. E coli P-galactosidase, chloramphenicol 
5 acetyltransferase, alkaline phosphatase or firefly luciferase) can also be used for the 
measurement of the UCP-2 activity. 

The invention is illustrated with four examples, using an aminoguanidine carboxyloic 
acid, [l-(hydrazinoiminomethyI)hydrazino]acetic acid, (AG) as the substance capable of 
10 modulating the regulation of UCP-2. This is, however, no limitation of the invention in its 
broadest aspects. 



Figures 

Figure 1. Upper panel: RNA blotting filter hybridized to 32p.iabelled 
15 human uncoupling protein-2 cDNA probe. 

Bottom paneliRNA blotting filter hybridized to 32p.iabelled human p- 
actin cDNA probe. 

Figure 2. Regulation of UCP-2 mRNA levels in white adipose and skeletal muscle 
tissue by AG. 

20 Figure 3 Effects of AG on mitochondrial activity in neuroblastoma cells. 

Figure 3 Effects of AG on reactive oxygen species in neuroblastoma cells 

Figure 5 Effects of AG on neuroblastoma cells 

Figure 6 Effects of AG on the level of UCP-protein in neuroblastoma cells 
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Definitions 
C5BL/6J ob/ob mice 
SSPE 

5 

SDS 
AG 

Example I. Uprcgulation of UCP-2 

10 Six C57BL/6J ob/ob mice (Bomhoitsgard, Denmark) were treated bu peritoneal injection 
with either the compound AG (80 mg/kg) or saline (3 mice in each group). The mice were 
sacrified after 20 hours and intra-abdominal fat, and skeletal muscle samples were 
removed from each mouse. Total RNA was extracted from these samples using the 
guanidinium thiocyanate method essentially as described by Sambrook et al, (1 989) 

15 "Molecular cloning: a laboratory manual". Cold Spring Harbor Laboratory Press, (2nd 
edition). 

The tissues were homogenized, together with 6 ml GTC (4M guanidinium thiocyanate, 
25 mM Na-citrate, 8.06 mM 2-mercaptoethanol, final adjusted pH 7.0) in a Polytron 
homogenizer (Brinkmann) at high speed for 1-2 minutes. 300 ml, 10% sodium lauryl 
20 sarcosinate was added to a final concentration of 0.5%, then mixed thoroughly. This was 
centrifiaged at 5000g, 10 minutes at room temperature. 

The supernatant was transfered to a 50 ml Falcon tube and drawn six times through a 22- 
gauge needle. The tissue/GTC solution was layered on a 5.7 M cesium chloride solution 
(buffered by 8 mM sodium acetate and sterile filtered) and centrifuged at 32000 rpm in a 
25 swing-out SW41 rotor for 17 hours at room temperature. 

The pellets were dissolved in 2x200 ml diethylpyrocarbonate (DEPC) treated water and 
transfered to microcentrifuge tubes. One tenth of the volume of 3M sodium acetate and 2 
volumes of 95% ethanol was then added, followed by precipitating the RNA in -20°C for 
more than 30 minutes. The RNA was collected by centrifugation at ISOOOg, 15 minutes 
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Obese mice homozygous for a point mutation in the OB gene 
Sodium chloride (0.15 M), Sodium phosphate (10 mM), EDTA 
(1 mM),pH 7.4 
Sodium dodecylsulphate 

[l-(hydrazinoiminomethyl)hydrazino]acetic acid 
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at 4*^0. The pellet was washed in 70% ethanol and ccntrifuged for 5 minutes at ISOOOg. 
The supernatant was removed and the pellet was vacuum dried for 5 minutes. The RNA 
was resuspended in 1 00ml DEPC-treated water and kept on ice. 

The integrity of the RNA was confirmed by separation on a 1 % MP agarose (Boehringer 
5 Mannheim) gel. The RNA was then capillary blotted onto a GeneScreen Plus (DuPont 
NEN Research Products) membrane. The protocols used for the transfer and detection of 
the RNA are found in the technical manual: "GeneScreen and GeneScreen Plus; 
Hybridization Transfer_Membranes; Transfer and Detection Protocols". DuPont, NEN 
Research Products, 549 Albany St., Boston, MA, USA. 

10 

The cDNA probe used for detecting UCP-2 was derived from the l.M.A.G.E. consortium 
clone No. 440295 and was amplified from the pT7T3D-Pac vector (Pharmacia&Upjohn) 
by PGR using the two primers 5'-CCAGTCACGACGTTGTAAA-3* and 5'- 
CACAGGAAACAGCTATGAC-3\ The probe was purified from a low-melting agarose 
15 gel prior to 32p labelling which was carried out with the RediPrime DNA labelling kit kit 
(Amersham). 



The RNA blotting filter was hybridized with the labelled probe in a 50% formamide 
solution at 42°C overnight with subsequent high stringency washing using four 2xSSPE 

20 for 15 minutes at room temperature, followed by two 2xSSPE, 2% SDS for 45 minutes at 
65°C and, finally, two 15 minute washes in O.lxSSPE at room temperature. After the 
final wash, filter bound radioactivity was detected and quantified using a Phosporlmager 
(Molecular Dynamics, Inc.). The results are shown in Figure 1 . (top panel). After washing 
to remove filter-bound radioactivity, the RNA blotting filter was also hybridized to a 32p. 

25 labelled probe based on human P-actin cDN A to serve as a control for the mRN A content 
of each lane. The results are shown in Figure 1 . (bottom panel). 
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The relative expression levels of UCP-2 mRNA between samples of saline and AG 
treated mice, was calculated using the Phosphorlmager radioactive counts detected within 
the bands corresponding to UCP-2 mRNA, and normalized against the radioactive counts 
within the bands corresponding to actin, the latter of which do not change significantly 
5 between saline and AG treated samples. The data (illustrated in Figure 2.) indicate a 3.6- 
fold induction of UCP-2 mRNA in white adipose tissue after treatment with AG, and a 
1 .3 fold induction in skeletal muscle. 

Figure legends 

10 Figure 1 .Top panel: RNA blotting filter hybridized to ^^p.iabelled human uncoupling 
protein-2 cDNA probe. Lane 1, white adipose tissue from saline treated mice; lane 2, 
white adipose tissue from AG treated mice; lane 4, skeletal muscle from saline treated 
mice; lane 4, skeletal muscle from AG treated mice. 

Bottom panel: RNA blotting filter hybridized to 32p.iabelled human P-actin cDNA 
15 probe. Lane 1 , white adipose tissue from saline treated mice; lane 2, white adipose tissue 
from AG treated mice; lane 4, skeletal muscle from saline treated mice; lane 4, skeletal 
muscle from AG treated mice. 

Figure 2. Regulation of UCP-2 mRNA levels in white adipose and skeletal muscle tissue 
20 by AG. The white bars indicate saline treated control tissue, and the stippled bars indicate 
AG treated tissue. The UCP-2 niRNA levels were determined with a Phoshorlmager 
(Molecular Dynamics) and are normalized against actin mRNA levels. 

From these figures it is clearly seen that UCP-2 mRNA is strongly upregulated by AG in 
25 white adipose tissue compared to treatment with placebo (saline). This is in contrast to 
skeletal muscle where only a marginal change in UCP-2 mRNA levels could be seen. 



0 
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Example 2. Increase in mitochondrial activity 

Further experiments have shown that aminoguanidine carboxylic acid (AG) increase 
milochondrial activity (Figure 3) and the generation of reactive oxygen species (ROS) 
(Figure 4) in human neuroblasloma cells treated for 2 days. 

5 

Example 3. Microcalorimetry. 

In SH-SY5Y cells, as well as in L6 (rat myocytes) cells AG has been shown, by 
microcalorimetry, to be thermogenic. The increase in heat production initiated by the AG 
required several hours of incubation to establish (Figure 5). 

10 

Example 4. Cytometer 

L6 cells and SH-SY5 Y cells were shown to express UCP2 on the mRNA-level as well as 
the protein level. Using a laser scanner cytometer it was possible to show a sift in the 
peak fluorescence of antibody labelled UCP2 protein in SH-SY5 Y cells after AG 
15 treatment. Increases in the protein level of UCP2 in SH-SY5Y could be detected after 
treatment with AG by standard flow cytometry. (Figure 6), 

Conclusion 

These data indicate the first example of a drug-induced upregulation of UCP-2 mRNA. 
20 Furthermore, wc have found that, as a consequence of this, the level of UCP-2 protein 
increases and mitochondrial activity and heat flow increase. 

This serves as a foundation of an invention related to the drug-induced increase of 
metabolic efficiency, increase in energy expenditure, and increase thermogenesis by 
genetic or transcriptional upregulation of UCP-2 in adipose tissue. Drugs that increase 
25 energy expenditure are usefiil in the treatment of obesity, non-insulin dependent diabetes, 
as well as the metabolic syndrome. 
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CLAIMS 



1. Method for treatment of obesity, metabolic syndrome and/or non-insulin dependent 
diabetes mellitus by administering a drug capable of modulating the regulation of UCP-2. 

10 2. Method according to claim 1 in which the drug is capable of modulating the regulation 
of UCP-2 mRNA cellular levels. 

3. Method according to claim 1 in which the drug is capable of modulating the 
transcriptional activity of the gene encoding UCP-2. 

15 

4. Use of a drug capable of modulating the regulation of UCP-2 for the production of 
drug for treatment of obesity, metabolic syndrome and/or non-insulin dependent diabetes 
mellitus. 

20 5. A pharmaceutical composition comprising a pharmaceutical ly effective amount of an 
agent capable of modulating the regulation of UCP-2. 

6. Method for screening for potential drugs against obesity, metabolic syndrome and/or 
non- insulin dependent diabetes mellitus comprising the measurement of UCP-2 activity 

25 by biochemical, chemical or physical methods. 

7. Method according to claim 6 in which the upregulation of UCP-2 gene transcription 
and/or mRNA levels are measured. 
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8. Method for screening for an agent capable of regulating UCP-2 transcription/ mRNA 
comprising the steps of 

contacting an animal/or cell line with the potential agent 
5 measuring the level of UCP-2 transcription /mRNA 

choosing the agent causing an increased level of UCP-2 transcription /mRNA in 
comparison to control. 

9. Method for screening according to claim 8 
comprising the steps of 

contacting an animal/or cell line with the potential agent 
measuring the difference in level of UCP-2 transcription/ mRNA between 
adipose and other cells 

choosing the agent causing a higher level of transcription of UCP-2 mRNA in 
adipose than in skeletal muscle cells , indicating that the agent can modulate the 
regulation of UCP-2 mRNA 

10. Method according to claims 8 or 9 in which the animal/or cell line is derived from 
adipose tissue. 

20 

11. Use of cDNA probe for determination of upregulation of UCP-2 for potential drugs 
against obesity, metabolic syndrome and/or non-insulin dependent diabetes mellitus. 

12. Use according to claim 1 1 in which adipose tissue is used. 

25 



10 
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UCP-2 RNA blot 




P-Actin RNA blot 
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The Effect of Aminoguanidine on Neuroblastoma Cells 
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